People in the European Mediterranean countries have long life expectancies, as documented from WHO mortality statistics (World Health Organization, 1996) . Keys and his colleagues (Keys, 1980) hypothesized that the traditional Mediterranean diet has beneficial effects on a range of diseases, and they provided ecological evidence in support of their hypothesis with respect to CHD. In a recent paper that evaluated the evidence accumulated over the last three decades, Willett (1994) concluded that the traditional Mediterranean diet meets several important criteria for a healthy diet. Direct empirical evidence in support of the beneficial properties of the Mediterranean diet has recently become available. In a cohort study of elderly people in rural Greece we found that a one unit increase in a diet score, devised a priori on the basis of eight desirable key features of the traditional common diet in the Mediterranean region, was associated with a statistically significant 17 % reduction in overall mortality (Trichopoulou et al. 1995b) . Results of studies of the Mediterranean diet in Mediterranean populations, however, may be confounded by the likely association of adult diet with early life nutritional patterns and culturespecific psychosocial variables such as social support. Therefore, we undertook a study of similar design in Australia among elderly Anglo-Celts and Greek-Australians with two objectives: (1) to examine whether our results from the study in rural Greece could be replicated in an urban setting in Australia, and (2) to examine whether the apparent benefits of the Mediterranean diet are transferable to population groups with very different dietary habits.
Subjects and methods
Between January 1990 and December 1992 we recorded the dietary habits, over a period of 1 year, of 189 GreekAustralians (ninety-four males and ninety-five females) and 141 Anglo-Celts (seventy males and seventy-one females) aged 70 years or more residing in Melbourne, Australia. Study subjects were recruited using the telephone directory and the overall response, following telephone contact, was 75 %. Non-response levels were similar in the two groups. This method has been described by Rutishauser & Wahlqvist (1983) and Hage et al. (1990) and has been used to obtain representative samples of ethnic Australians. Representativeness, however, is not a precondition for internal validity in a cohort investigation.
Subjects were defined as Anglo-Celtic if both their maternal and paternal grandparents came from the UK and/or Ireland, and as Greek-Australian if they had been born in Greece or if both their parents had been born in Greece. In April 1996 we ascertained the date of death of the twenty-four Greek and fourteen Anglo-Celtic subjects who had died, and confirmed the survival of the remaining 292.
Although all death certificates were available, cause of death was not specifically studied, because data were too sparse for examination of cause-specific mortality.
A validated, extensive (250 food items and beverages) food-frequency questionnaire was utilized (Wahlqvist et al. 1995; Kouris-Blazos et al. 1996) . This questionnaire was adapted from the Australian Polyp Prevention Project (Macrae et al. 1989; MacLennan et al. 1990 ) to include Greek foods and dishes (fifty items). The portion sizes of foods consumed were recorded in household measures, natural units (e.g. slices of bread) or in comparison with photographs ) which also included Greek dishes (Trichopoulou et al. 1988) . Portion sizes depicted in food photographs were based on the results of previous validation studies Ireland et al. 1994; Trichopoulou et al. 1995a) . The frequency of consumption of different food items was subsequently quantified on a weekly basis, while seasonal variation of food intake was accounted for by expressing the approximate number of weeks in which the food items were eaten as a fraction of a year. Intakes in g/week were calculated by multiplying the serving size (g) by the weekly frequency of intake. These values were then translated into g/d and were further adjusted to daily intakes of 10 460 kJ (2500 kcal) for men and 8368 kJ (2000 kcal) for women. Food items were considered in groups as recommended by Davidson et al. (1979) and used by several investigators, including Trichopoulou et al. (1995a) . Nutrient intakes for individual subjects were estimated through an Australian nutrient analysis program (NUTTAB 1991) using Australian food composition tables (Cashel et al. 1988) which were modified to include the nutrient composition of Greek dishes (Trichopoulou, 1992) . We also established whether the subjects were current smokers (including those who had stopped smoking within the last 5 years) or non-smokers (including those who had not smoked during the last 5 years).
As in a previous study, which evaluated diet in relation to overall survival in elderly Greeks (Trichopoulou et al. 1995b) , we used a composite score to describe the total diet and characterize it in comparison with the traditional Mediterranean diet. The mode of food preparation ('cuisine') could not be accounted for in the calculation of the composite score. We used the food groups recommended by Davidson et al. (1979) except that we combined starchy roots with cereals and did not specifically consider sugars and syrups for which no systematic health implications have been firmly documented beyond their contribution to net energy intake. The traditional Mediterranean diet was also defined in terms of these food groups with the addition of moderate intake of ethanol (Helsing & Trichopoulou, 1989; Trichopoulou et al. 1994) and, therefore, could be adequately characterized in terms of eight key features: high monounsaturated : saturated fat ratio; moderate ethanol consumption (there were no men who drank more than 60 g ethanol/d and no women who drank more than 20 g ethanol/d, so that no study subject could be considered a heavy drinker); high consumption of legumes; high consumption of cereals (including bread and potatoes); high consumption of fruits; high consumption of vegetables; low consumption of meat and meat products; and low consumption of milk and dairy products. We used as cut-off point for all characteristics the corresponding median values specific for each sex. We hypothesized, a priori, that a diet with more of these features would have beneficial health effects whereas a diet with fewer of these features would be less healthy. These considerations are based on the collective epidemiological and biological evidence as summarized in the report of the USA National Academy of Sciences (National Research Council, 1989 ) and a more recent critical overview (Willett, 1994) . In the present study 153 (81 %) GreekAustralians and thirty-nine (28 %) Anglo-Celts were found to have four or more of the desirable dietary characteristics.
The statistical analysis was undertaken by modelling the data through Cox's proportional hazards regression (Breslow & Day, 1987) . Initially, eight Cox's models were developed; these controlled for age at enrolment (in 3-month intervals), sex (0 = female, 1 = male), current smoking status (0 = non smoker, 1 = smoker) and ethnic origin (0 = Greek-Australian, 1 = Anglo-Celtic) and evaluated alternatively the eight individual features of the diet score, adjusted for energy. An additional Cox's model was then developed that controlled for age at enrolment, sex, current smoking status and ethnic origin, and evaluated the total diet score as predictor of the hazard of death. Ageadjusted survival curves by ethnic origin and sex were also plotted (Breslow & Day, 1987) . Table 1 shows the distribution of the 330 study participants by ethnic origin, sex, age at enrolment and survival status at the end of follow-up on 15 April 1996. These data serve descriptive purposes and provide an overall indication of study power but they are not directly interpretable because 58 A. Kouris-Blazos et al. of confounding, age variation within the 5-year groups, and unspecified time to death among the deceased individuals. The data also indicate that the Greek-Australian cohort was, on average, considerably older than the cohort of Anglo-Celts. Table 2 presents daily intakes (g) of the seven a priori specified food groups, adjusted for energy intake at 10 460 kJ (2500 kcal) for men and 8368 kJ (2000 kcal) for women, as well as the dietary monounsaturated : saturated fat ratio and the estimated energy intakes (kJ), among the study participants by ethnic origin. Again, these data are not directly interpretable but provide an insight into the food habits of elderly Anglo-Celts and Greek-Australians. Thus, the Greek-Australians consumed higher quantities of legumes, cereals (including bread), possibly meat and meat products, and certainly monounsaturated fats (essentially olive oil), whereas the Anglo-Celts consumed higher quantities of fruits (but not vegetables) and dairy products.
Results
Greek-Australian men and women had a considerable survival advantage over Anglo-Celts of the same sex, after exact adjustment for age at enrolment. The differences were not statistically significant for either sex but they were compatible with expectations based on official demographic statistics in Australia (Young, 1992) : among men the rate ratio comparing Anglo-Celts with Greek-Australians was 2⋅54 (95 % CI 0⋅93, 6⋅90); among women the corresponding rate ratio was 1⋅56 (95 % CI 0⋅43, 5⋅70). Table 3 presents the results from four applications of Cox's proportional hazards model, with age, sex, current smoking status, and total diet score as predictor variables. In one of the models that included all study participants, ethnic origin was also included as a predictor variable. With the exception of age, the conditional associations of the other predictor variables with survival were not statistically significant, but they were all plausible and in the 'expected' directions. Moreover, in the most relevant model (last column in Table 3 ), the rate ratio for an increment of one unit in the diet score was identical (0⋅83) to that estimated in a study of similar design in Greece (Trichopoulou et al. 1995) and the associated P value was 0⋅07 (or 0⋅03 if a one-tail test were to be accepted).
In Table 4 , food groups were introduced one by one in place of diet score in models similar to those presented in the last two columns respectively in Table 3 . Only for fruits and cereals were the results plausible, consistent and statistically significant or suggestive, whereas intake of olive oil (reflected in the monounsaturated : saturated fat ratio) was a significant predictor of survival only when ethnic origin was not included as an independent predictor in the model.
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Ն 4 in comparison with that of those with diet score Ͻ 4 was also evaluated among Anglo-Celts, Greek-Australians and all study participants. The mortality rate ratio was 0⋅36 (95 % CI 0⋅08, 1⋅67) among Anglo-Celts, 0⋅72 (95 % CI 0⋅27, 1⋅88) among Greek-Australians, and 0⋅58 (95 % CI 0⋅30, 1⋅12) among all participants. In the latter instance the two-tailed P value was 0⋅10.
Discussion
This was a prospective cohort investigation with an objectively ascertainable outcome and complete follow-up. With this design, selection and information bias are not important issues. The follow-up period was not very long but this does not compromise validity in dynamic cohorts defined on the basis of steady-state dietary habits. Chance and confounding, however, need to be considered and unavoidable exposure misclassification has a predictable attenuating impact on the effect estimates (rate ratios). There were fewer deaths than expected overall in the study, possibly because mortality is declining in the relevant age groups in Australia and the participating individuals had, in general, a fairly healthy lifestyle; this, however, does not introduce a bias in the comparison of the effects of variable degree of adherence to the principles of the Mediterranean diet. In addition, confounding by psychosocial variables is less likely in the Australian population samples than in samples of people living in their own Mediterranean countries. Nevertheless, the unexpectedly small number of outcome events (thirty-eight deaths) indicates that the findings of the study need to be interpreted with caution. An additional, and not readily addressable, issue is that elderly GreekAustralians may represent a cohort of survivors from the hardships of post-World-War II Greece, with inherently increased longevity potential.
Overall the results are clearly compatible with the hypothesis that a high value for the diet score, which was developed in order to capture the essential principles of the Mediterranean diet (Trichopoulou et al. 1995a) , is associated with longer survival. The results also are compatible with what is generally known about the effects on mortality of the other study variables (last two columns in Table 3 ). Thus, people older by 1 year have a 10 % higher mortality; mortality of men is 60 % higher than that of women; smokers have a 40-50 % higher mortality than non smokers; and elderly Anglo-Celts in Australia have an 80 % higher mortality than Greek-Australians. Moreover, the results with respect to diet score consistently point to the beneficial effects of the Mediterranean diet (Table 3) . Indeed, the point estimate for a one unit increment (0⋅83 in the last column model in Table 3 ) is identical to the corresponding point estimate from the earlier study in rural Greece. In contrast, the results presented in Table 4 and focused on the eight individual key features of the diet score are, overall, unremarkable. It appears that: (1) the diet score is a better descriptor of the apparent health effects of diet than any of its individual key features; (2) the principles of the Mediterranean diet, as captured in the diet score, convey lower overall mortality and longer survival; and (3) the apparent benefit of the Mediterranean diet is evident not only among Greek-Australians but also among Australians of Anglo-Celtic origin (Table 3) . Among Greek-Australians 81 % had a diet score of 4 or more whereas among AngloCelts only 28 % had a diet score in this range. The mortality rate ratio contrasting people with diet score 4 or more v. the remaining study subjects was 0⋅58. On the basis of these data the weighted rate ratio among Greek-Australians would be 0⋅19 × 1 + 0⋅81 × 0⋅58 = 0⋅66 whereas among Anglo-Celts the corresponding rate ratio would be 0⋅72 × 1 + 0⋅28 × 0⋅58 = 0⋅88. Therefore Anglo-Celts, in comparison with Greek-Australians should be expected to have 33 % higher mortality as a result of diet alone. In reality, mortality of Anglo-Celts was higher than that of Greek-Australians by 83 % (third column in Table 3 ). Thus, it would seem that 40 % (that is, 33/83) of the excess mortality of elderly Australians of Anglo-Celtic origin over that of their fellow Australians of Greek origin could be explained in terms of their different dietary habits and specifically the different extent to which they adhered to the traditional Mediterranean diet. This estimate has, of course, a large CI but the unavoidable misclassification in diet assessment is likely to have systematically reduced the estimated attributable fraction.
We conclude that adherence to the principles of the traditional Mediterranean diet, as operationalized in the diet score used, is likely to be associated with lower overall mortality. Moreover, key features of this diet appear to be transplantable to other dietary cultures and cuisines, and may have a substantial beneficial impact on the general mortality of elderly people who have the Westernized 
